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Abstract 
This paper presents a model describing formation of a submicron surface structure on electrodes of  high-current low-inductance 
vacuum spark. The model is based on the development of the Kelvin-Helmholtz instability, which occurs at the boundary of 
tangential discontinuity between plasma and melt. This model has been used to determine the most probable lengths of instability 
waves, the rate of which conforms to the available sizes of structural elements on electrodes surface. 
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1. Introduction 
High-current low-inductance vacuum spark (HCLIVS) [Kuznetsov et al. (2014), Beilis et al. (1999), Krasov et al. 
(2007), Bashutin et al. (2013), Astrakhantsev et al. (1995)] offers high plasma parameters (ne > 1021 cm-3, T ~ keV), 
long operational life, and a simple and quite inexpensive design, which makes it a promising source of dense 
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In the range of -<x<; -<y< Ș(x,t): 
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2 2
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  (1) 
In the range of -<x<; Ș(x,t)<y<: 
2 2 2 2 2 1 2 2
1 2
2 2
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  (2) 
Boundary conditions for (1) and (2) are as follows: 
 at  0 1 2n n ny :U ,V ,P ;n ,→ ±∞ → = .  (3) 
At the boundary line when y = 0 they include kinematic and dynamic conditions: 
1 1 2 2u V , u Vt x t x
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+ = + =
∂ ∂ ∂ ∂
,  (4) 
2
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.(5) 
Let us present the solution of (1)-(5) as follows: 
( ) ( ) [ ] ( ) ( ) [ ]0 0n n n nU x, y,t U y exp t ikx ,V x, y,t V y exp t ikx= ω − = ω − ,  (6) 
( ) ( ) [ ] ( ) [ ]0 0n nP x, y,t P y exp t ikx , x,t exp t ikx= ω − η = η ω − , (7) 
where k is the wave number, Ȧ is the cyclic frequency, U0n, V0n, P0n are the peak values of velocities and pressures, 
respectively, Ș0 is the maximum deviation of boundary line when y=0. 
Let us add (6) to (1)-(5) and after transformations we obtain a boundary problem for transverse velocities: 
( )
( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( )
( ) ( )
4 2 2
2 2 2 2 21 1 2
1 1 1 24 2 2
3 4
1 1 22 2 0












d V d V d Vk k k k V , k V ,
dy dy dy
d V dV dV kk k V ,
dy dydy
d V V V





− + + = + =
§ · σ¨ ¸ρ ν − + + ρ Ω =¨ ¸ Ω© ¹
+ = =
Ω Ω
= −∞ = ∞ =
  (8) 
 S.A. Sarantsev /  Physics Procedia  71 ( 2015 )  165 – 170 169
The following symbols are used: 
 
2 2 1
1 1 2 2 1iku ; iku ;k k
ΩΩ = ω− Ω = ω− = +
ν
.  (9) 
Under the condition of no agitations at -, it follows that  
( )1 0Re k > .   (10) 
Subject to a nonzero solution of a boundary problem (7), we obtain a characteristic equation: 
( ) ( )( )22 4 2 2 3 4 2 2 2 1 31 1 1 1 2 1 2 1 02 4 0k k k k k k k k ik u u k−ρ ν + − + + ρ ν − + − ν + σ = . (11) 









.  (12) 
We obtain a quadratic algebraic equation with complex coefficients against z, which is analyzed within a wide 
range of parametric variations: 
( )( ) ( )23 2 2 21 01 3 1 1 0z z z z z i− + + − + μ − + ω + ω = .  (13) 
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   (15) 
where Ȧı is the capillary wave frequency, ȦȞ is the reverse time of viscous agitations relaxation, and ȦȖ is 
determined by flow-over plasma spray parameters and melt properties. 
To simplify the equations analysis we used a parametric space (u0, Ȝ) ,the relative slip velocity of layers and wave 
length considering the plasma spray impact on the pure iron surface with ȡ2 § 10 kg/m3, for which Ȟ = 6×10-7 m2/s, 
ȡ1 = 6.3×103 kg/m3, and ı0=1.7 Nm [Sarychev et al. (2010)]. Using relative velocity u0=105÷106 cm/s and 
wavelength of the Kelvin-Helmholtz instability Ȝ=20÷800 nm, we obtained following dependencies (Fig. 5 and Fig. 
6). 
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Fig. 5. Dependency of the Kelvin-Helmholtz Inst
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